Sulfur Oxides, Tin T etrachloride, Crystal Structure, Complex Form ation, V ibrational Spectra Yellow crystals of c/s-[SnCl4(S8 0 ) 2] containing the homocyclic sulfur oxide S80 have been prepared from the com ponents in carbon disulfide at -35 °C. A n X-ray structural analysis carried out at -105 °C showed the com pound to be monoclinic, space group P2 Jn with Z = 4 in a unit cell of dimensions a = 821.2(2) pm, b = 1331.9(4) pm , c = 2071.7(6) pm and ß -91.82(2)°. The structure was refined to a final agreem ent factor R = 0.038 for 2022 reflections. The tin atom is surrounded by a distorted octahedron of two oxygen atom s in cw-positions and four chlorine atom s in accordance with other oxygen-bonded complexes of SnCl4. The molecular symmetry is approximately C2, and the SS bond lengths in the ligands vary betw een 201 and 218 pm. V ibra tional spectra of [SnCl4 (SH 0 ) 2] are reported. The title com pound is the second example containing S80 as a ligand.
Introduction
Sulfoxides are known to form molecular complexes with Lewis acids like SbCl5 and SnCl4 [2, 3] , To attain a coordination num ber of six, antimony pentachloride and tin tetrachloride normally react with m onofunc tional donors to complexes of general formula [SbCl5(D)] and [SnCl4(D )2], respectively. The reac tion of the cyclic polysulfuroxides SsO and S60 with SbCl5 has led to the complexes [SbCl5(S80 ) j [4] and [(SbCl5)2(S120 2)] • 3 CS2 [5] , whereas S120 2 formed by the dimerisation of S60 acts as a bridging ligand. In both cases a homocyclic sulfur ring is bonded via an exocyclic oxygen atom to antimony forming one or two approximately octahedral SbCl50 -u n it(s). Free and complexed S80 differ in their m olecular param e ters (see below) as well as in the position of the oxy gen atoms. Oxygen occupies a position equatorial to the sulfur ring in [SbCl5(S80 )] [4] in contrast to the axial position in solid S80 [6] . In order to study the influence of complex formation on the bonds in cy clic polysulfuroxides the reaction with other metal halides has been investigated.
X-Ray Diffraction Procedures

Data collection and reduction
The crystal, an irregular block of approxim ate di mensions 0.15x0.15x0.10 mm, was m ounted on a Syntex V 2 X diffractom eter (in a thin-wall capillary tube with vaseline as a support) and cooled to -105 °C. The unit cell param eters were obtained from a least-squares refinement of 15 reflections in the region of 8° =S26^2 2° and are listed in Table I . Reflections were absent for hOl when h + I = 2n + I characteristic of the nonstandard monoclinic space group P 2 j/az, which is an alternative setting for P 2!/c (No. 14) [7] . The general positions of this space group are ± ( x , y, z; 1/2 4-x, 1/2 -y, 1/2 + z ) . Intensities were measured with graphite-monochrom ated radiation, using an w-scan, with a scan rate varying from 0.8 to 29.37min. W eaker reflections were therefore examined more slowly and counting errors minimized. Stationary background counts with a time equal to 2/3 the scan time for each reflec tion, were made at each end of the scan range. Two standard reflections were regularly checked to m onitor the stability of the instrum ent, the crystal and its alignment, but no significant variation was observed. A total of 2305 reflections within a unique quadrant with 2 0^4 5° were measured. Subsequent averaging of the redundant reflections resulted in a total of 2236 independent reflections, of which 2022 had intensities greater than two times their standard deviation, based on counting statistics. Lorentz and polarization corrections but no absorption correction were applied.
Structure determination
A calculated Patterson map [8] clearly revealed the position of the tin atom. An examination of the symmetry of the three-dimensional Patterson synthe sis suggested an octahedral arrangem ent of vectors approximately 235 pm from the origin peak. These six vectors were assumed to be Sn -Cl vectors (cor rect relative weight compared with Sn -Sn vectors) and arise from the four Sn-Cl distances in real space, but the true positions of the chlorine atoms were not evident. A structure factor calculation and Fourier synthesis based only on the tin atom was not interpretable in term s of any chemically reasonable structure. How ever, a trial refinem ent including tin and one chlorine atom in an arbitrarily chosen posi tion of the six possible octahedral positions was suc cessful and produced a Fourier map with the coordi nates of the three remaining chlorine atoms in the octahedron and two ds-positions unoccupied. Subse quent least-squares refinem ent and Fourier synthesis based on the new coordinates (tin and four chlorine atoms) led to the complete octahedron with two oxy gen atoms in cw-orientation and fragments of the two sulfur rings. Further refinement was straightforward and a full-matrix least-squares refinem ent of the com plete structure using isotropic tem perature fac tors converged at R = 0.077. Refinem ent [9] of 207 positional and anisotropic therm al param eters for all atoms in the asymmetric unit produced a value of 0.038 for R. A final difference Fourier map showed no significant spurious peaks.
Results and Discussion
The final positional and therm al param eters for the numbering scheme of Fig. 1 are listed in Tables III, IV (1) 194 (14) 114 (20) 173 ( (1) 204 (14) 108 (19) (1) 133 (13) 129 (18) 194 (20) 3 (11) 53 (11) 22 (13) S ( 11) -0.1619(3) -0 .1251(2) 0.2186 (1) 142 (14) 132 (19) 223 (21) 36 (11) 19 (12) 25 (13) (2) 336 (17) 176 (21) 260 (23) 58 (14) 156 (14) 5 (14) S ( 14) -0.2637(4) -0 .0502(3) 0.0125 (2) 475 (20) 237 (23) 185 (23) 40 (15) 3 (15) -7(15) S ( 15) -0.1961(4) 0.0924(2) 0.0406 (2) 321 (17) 151 (20) 236 (22) 25 (13) 164 (14) 60 (14) S ( 16) -0.3517(3) 0.1429(2) 0.1061 (2) 186 (15) 182 (20) 233 (21) 64 (12) 58 (12) 32 (14) a Standard deviations in the least-significant figure are given in parentheses.
Atoms Angles Atoms Angles (6 ); numbering scheme for S80 as in Fig. 1 ; b average values from both rings (see Table II ); c average value; d see reference [16] . The overall m olecular geometry of the S80 ring is identical to that of free S80 . Bond distances of de rivatives of S8 are shown in Fig. 3 . Two significant effects on the S80 bond distances are observed upon complex formation: a) an increase in the sulfur-oxygen bond length followed by b) a decrease in the sulfur-sulfur bond distance variations in the sulfur ring. This is indicated by the SS bonds (see Fig. 1 ) adjacent to the sulfoxide group where a slight de crease from 220 pm in pure S80 to 218 pm in [SnCl4(S80 ) 2] is observed. This effect is more pro nounced in [SbCl5(S80 ) ] where the corresponding bonds shorten to 211 pm which is even closer to the value in S8 (205 pm).
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The increase in the length of the SS bonds of SsO neighboring the sulfoxide group has been explained [17] by a delocalization of lone pair electron density from oxygen into the antibonding molecular orbitals at the sulfur atoms thereby increasing the bonding character of the SO bond. Coordination to SbCl5 and, to a lesser extent, SnCl4 partly reverses this effect through withdrawal of electron density from oxygen to the metal atom.
The present crystallographic results support the idea of weaker donor-acceptor interactions in [SnCl4(S80 ) 2] as com pared to [SbCl5(S80 )] and are consistent with the extent of dissociation in their CS2
solutions. An infrared spectrum taken of the solution of 0.4 g of S80 in a mixture of 50 ml of SnCl4 and 50 ml of CS2 in the region 1400-700 cm -1 at 20 °C exhibited four absorptions not attributable to CS2 (Table VII) . The presence of free S80 despite the trem endous excess of SnCl4 indicates a low stability of the SnCl4-complex in solution. In contrast, reac tion with SbCl5 in a saturated CS2-solution of S80 only requires a three-fold molar excess of SbCl5 to effect complete complex formation.
The absorption at 1031 cm -1 assigned to S80 coor dinated to SnCl4 is in agreem ent with the expected downward shift accompanying complexation through oxygen in the sulfoxide group [3, 20] . A further de crease of vs0 to 989 cm-1 and 960 cm-1 is observed in the low tem perature Raman spectrum of solid [SnCl4(S80 ) 2] (see below). This rather large shift cannot be explained by interm olecular interactions (see Table III ) and suggests the presence of a dif ferent species. Related solution studies involving oxygen-or nitrogen-containing donors with SnCl4 in benzene have established the form ation of the 1:1 complex in preference to the 1:2 species [21, 22, 23] . These observations, then, support the form ation of a 1:1 SnCl4-S80 complex in solution.
The substituents X at the sulfoxide-group influ ence the basicity of the oxygen atom in compounds Sg SeO (krist.)
[SnCt^SeOlj] Table VII . Infrared spectrum of a solution of S80 (0.4 g) and SnCl4 (50 ml) in CS2 (50 ml) at 20 °C (m = medium intensity). for pure SnCl4, see reference [19] .
of type X -S O -X and account for the different reactivities toward Lewis acids. The electron-donat ing character of the methyl group is responsible for the excellent donor-properties of DMSO and hence the formation of the many dimethylsulfoxide com plexes. In contrast, thionylchloride only forms [SbCl5(SOCl2)] [24] , while the freezing-point dia gram of the system SnCl4-SOCl2 indicates no com plex form ation [25] . On the other hand, the sulfoxide-group in the new complex [SnCl4(SsO )2] exhibits neither enhanced nor diminished basicity attribut able to the inductive effects of electron-donating or withdrawing substituents.
Experim ental [26]
Synthesis
Cyclooctasulfurmonoxide was prepared by oxida tion of S8 with CF3C O 3H [27] . Tin tetrachloride was freshly distilled under reduced pressure prior to use. Carbon disulfide and «-pentane were dried and purified by distillation from P4O 10. The reaction was carried out under dry nitrogen and precautions were taken to exclude atmospheric moisture. [SnCl4(S80 ) 2] was prepared by adding a large excess of SnCl4 (50 ml; 0.424 mol) to a magnetically stirred solution of S80 (400 mg; 0.0015 mol) in CS2 (50 ml) at 20 °C. Cooling to -35 °C produced yellow, trans parent crystals within 7 days. These crystals (445 mg; yield 78%) were isolated on a cooled glass frit, washed with cold «-pentane and residual solvent re moved in a vacuum.
Spectra
Infrared solution spectra were recorded on a Perkin-Elmer-M odel 325 spectrophotom eter using a cell with sodium chloride windows. Owing to the instabil ity of the complex it was not possible to obtain a solid state infrared spectrum as a CsCl disc or nujol mull. A low tem perature solid state Raman spectrum ( -100 °C) was recorded in the region 9-1200 cm-1 using a Cary 82 spectrom eter equipped with triple m onochrom ator and krypton laser (647.1 nm). The spectrum showed lines at the following wavenumbers (relative intensities in brackets):
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